Kingdom and the United States. In the Netherlands, textual health warnings (THWs) were replaced by PHWs between both time-points. Health warning policies did not change in the other countries. Data from continuing smokers were used (N = 3,487) and analyzed using Generalized Estimating Equations. Results: Between both time-points, only Dutch smokers showed increases in noticing health warnings (β = 0.712, p < 0.001), self-reports of health warnings leading to a cognitive response such as thinking about smoking health-risks (SHRs) (OR = 1.834, p < 0.001), knowledge about SHRs (β = 0.369, p < 0.001), and avoiding health warnings (OR = 9.869, p < 0.001). However, Dutch smokers showed no changes in attitude towards smoking (β = 0.035, p = 0.518), intention to quit smoking (OR = 0.791, p = 0.157), self-efficacy to quit smoking (β=-0.072, p = 0.286), or reporting that health warnings helped them to resist having a cigarette (OR = 1.091, p = 0.714). Conclusions: Results suggest that introducing the European PHWs was effective in provoking changes closely related to health warnings, but there was no direct impact on variables more closely related to smoking cessation.
, as part of the Tobacco Products Directive (2014/40/EU) (European Union, 2014) (see Supplementary Table 1 ) (7) . The new tobacco health warnings had to be fully implemented as of May 2017.
Previous pre-post studies from Australia (Borland et al., 2009) , the United Kingdom (UK) , Thailand (Yong et al., 2013 ) (all quasi-experimental), and Mauritius (Green et al., 2014) found that after introducing PHWs (accompanied with THWs), more smokers reported 1) noticing health warnings (salience; result was not found in the UK study), 2) avoiding health warnings, 3) having a cognitive response to health warnings (such as thinking about the health risks of smoking), and 4) health warnings stopped them from having a cigarette when they were about to have one (forgoing). Also, an Australian quasi-experimental study found that introducing PHWs increased smokers' knowledge about the health risks of smoking (Kennedy et al., 2012) . According to the International Tobacco Control (ITC) conceptual model, which articulates how tobacco control policies exert their impact, salience, avoiding, cognitive response, forgoing, and knowledge can be considered as 'policy-specific variables', as they are most specifically related to the policy itself .
Evaluating the impact of PHWs should, however, preferably also be done for outcome variables belonging to socio-cognitive models of health behavior, and that have been conceptually and empirically linked to behavioral outcome variables such as quitting (Francis et al., 2017) . According to the ITC conceptual model, these 'psychosocial mediators' include attitude towards smoking, intention to quit smoking, and self-efficacy to quit smoking; outcome variables distally related to the policy, as they may be affected by multiple factors, not just policies . No previous studies have examined the impact of introducing PHWs on attitude towards smoking. Attitude towards quitting was studied in a study from Thailand which found that smokers had a more positive attitude towards quitting after introducing PHWs (Silpasuwan et al., 2008) . Self-efficacy was only studied experimentally (Noar et al., 2016) , but to our knowledge there are no studies that examined the impact of introducing the PHWs in a country. Intention to quit smoking was examined by one study from Mexico that revealed that intention did not change directly after introducing PHWs (Thrasher et al., 2012) .
It is also important to consider whether the impact of PHWs varies as a function of education, since low educated individuals are more likely to smoke (Brown et al., 2014; Benson et al., 2015) . Moreover, they generally have less knowledge about the health risks of smoking than more highly educated smokers (Cummings et al., 2004; Yang et al., 2010; Siahpush et al., 2006; Sansone et al., 2012; Klesges et al., 1988; Brownson et al., 1992; Driezen et al., 2016) . It is important to test whether health communication policies such as PHWs are effective among these individuals, and whether educational differences can be reduced through tobacco control policies. Observational studies examining the implementation of PHWs in France, the UK , and Brazil (Thrasher et al., 2010; Bittencourt et al., 2013) found inconsistent results on educational differences in the impact of PHWs on salience, cognitive response, and forgoing. For instance, previous studies found equal or more impact on cognitive responses among low educated smokers (Thrasher et al., 2010; Bittencourt et al., 2013) . The PHWs from these countries differed from the PHWs from the current study as they covered 1.0 % of either the front or the back of the packet (Thrasher et al., 2010; Bittencourt et al., 2013) or were on one side of the packet .
The present study was designed to evaluate the impact of introducing the European PHWs, using a rigorous, quasi-experimental design, comparing pre-post differences in the Netherlands to countries where there was no change in health warning policy. The current study was designed to answer the following research questions (RQs): 1) Was introducing PHWs in the Netherlands associated with changes in policyspecific variables among continuing smokers? 2) Was introducing PHWs in the Netherlands associated with changes in psychosocial mediators among continuing smokers? 3) Were these changes larger in the Netherlands than in the control countries, which had unchanged health warning policies? 4) Did the changes in the Netherlands differ according to smokers' level of education?
Materials and methods

Data collection and sample
We used the evaluation framework from the International Tobacco Control Policy Evaluation Project (ITC Project). The ITC Project's methodology and conceptual framework Protection, Roswell Park Comprehensive Cancer Center, US. Table 1 describes health warning policy, year when introduced, and size for each country. A prerequisite for choosing the time-points was that in the control countries there was no change in health warning policy, and that the baseline time-point did not just follow a change in health warning policy. To ensure that the time between measurements was similar for the Netherlands and control countries, we chose to use the 2013 Dutch baseline time-point and the 2016 follow-up time-point. Only current continuing smokers were included because exposure to health warnings is reduced once smokers quit smoking. Moreover, exsmokers were not asked questions on avoiding, intention, and self-efficacy, as these were not applicable. The number of respondents smoking at baseline and at follow-up ranged between 527 (UK) and 985 (Canada), with a total of 3487 continuing smokers. Table 1 shows fieldwork periods and sample sizes per country. In the Netherlands, computer-assisted web interviews were conducted, while the control countries used computer-assisted telephone interviews. An ITC study found that web-and telephone interviewing were comparable on key demographic and smoking-related variables (Nagelhout et al., 2010) .
To ensure a representative sample, Dutch respondents were recruited from a probability-based database (Nagelhout et al., 2010) , while respondents from control countries were selected via randomdigit dialing. Through tailored replenishment samples in the Netherlands (Zethof et al., 2016) and sampling weights in all countries, we tried to ensure representativeness by compensating for attrition effects (Zethof et al., 2016; International Tobacco Control Policy Evaluation Survey, 2011) . Only smokers aged 18 years and older were included in this study. Respondents were eligible as smokers if they had smoked at least 100 cigarettes in their lifetime, and if they reported smoking at least monthly . To determine smoking frequency, respondents were asked whether they smoked at least once a day, at least once a week, or at least once a month.
Measurements
Table 2 elaborates on the current study's outcome variables. Composite measures were used for cognitive response (α = 0.72), knowledge (α = 0.53), and self-efficacy (α = 0.59). The responses to the cognitive response-questions were combined by computing a composite binary variable of (0) no cognitive response versus (1) cognitive response .
Control variables
Time invariant control variables were age, country and gender. Four time-varying control variables were applied in this study. First, we controlled for time-in-sample effects (Driezen and Thompson, 2011) , i.e. the number of surveys in which the respondent participated. Second, we controlled for the level of addiction to tobacco, by including the Heaviness of Smoking Index (HSI). This is a combined measure of the time before smoking the first cigarette of the day (5 min or less, 6−30 min, 31−60 min, 61+ minutes), and the number of cigarettes smoked per day (0-10, 11-20, 21-30, 31+) . HSI values range between 0 and 6, with higher values indicating stronger addiction to tobacco (Heatherton et al., 1989) . Third, we controlled for intention to quit smoking. Finally, in the analyses for RQs 1 through 3, we controlled for the respondents' educational level. In each country education was classified into 3 ordinal categories, although the actual classification points varied across countries because of differences in educational systems, similar to previous ITC studies (Nagelhout et al., 2010; Hyland et al., 2006) .
Analyses
Analyses were performed with SPSS 23.0. All statistical estimates and tests presented were weighted by gender and age. Generalized estimating equations (GEE) analyses were conducted to examine time, country and educational differences. To test whether introducing PHWs in the Netherlands was associated with changes in policy-specific (RQ1), and psychosocial mediators (RQ2), GEE analyses were conducted on the Dutch sample. To examine whether the changes were greater in the Netherlands than in the control countries (RQ3), GEE analyses were conducted, with interactions between country (with dummy variables of the interactions of the Netherlands vs. each controlcountry separately) and time-point. To test whether the changes in the Netherlands differed according to level of education of the smoker (RQ4), separate GEE analyses, with interactions between time-point and educational level, were conducted on the Dutch sample. Table 2 Outcome variables.
Question and answer options
Policy-specific Salience
In the last month, how often have you noticed the warning labels on cigarette packages or on roll-your-own-packs? -(1) Never, (2) Rarely, (3) Sometimes, (4) Often, (5)Very Often, and Don't know Avoiding
In the last 30 days, have you made any effort to avoid looking at or thinking about the warning labelssuch as covering them up, keeping them out of sight, using a cigarette case, avoiding certain warnings, or any other means? - (0) Respondents with missing data were excluded for the analysis of that particular variable. The normal distribution and identity link were used for continuous outcome variables, whereas the binominal distribution and the logit link were used for dichotomous outcome variables. The unstructured correlation structure was applied (Ballinger, 2004) . GEE analyses were adjusted for control variables. An alpha level of < 0.01 was chosen due to the relatively large number of comparisons (Lang and Secic, 2006) .
Results
Sample
Of the 6583 smokers interviewed at baseline, 3487 smokers were interviewed at follow-up and were still smoking (Table 1) . Attrition ranged from 26.8 % (Canada) to 49.3 % (the Netherlands) (χ 2 = 114.47, p < 0.001). The percentage of respondents lost to follow-up because they had quit smoking ranged from 11.4 % (Australia) to 8.0 % (Canada) (χ 2 = 9.471, p = 0.050), with the Netherlands having 11.0 % who had quit. Continuing smokers differed at baseline from smokers who stopped smoking or who were lost to follow-up: continuing smokers were older (t = 9.41, p < 0.001), heavier smokers (t = 8.06, p < 0.001), participated in more surveys (t = 7.47, p < 0.001), reported less often that health warnings made them resist having a cigarette when they were about to smoke one (χ 2 = 8.20, p = 0.004), had lower self-efficacy (t = 7.28, p < 0.001), and intended to quit smoking less often (χ 2 = 23.61, p < 0.001). Table 3 shows the sample characteristics at baseline for continuing smokers from Australia, Canada, the Netherlands, the UK, and the US. Smokers from these countries differed significantly in all sample characteristics except for gender. Ninety-four percent of the Dutch sample were daily smokers. Therefore, it is likely that the included smokers were exposed to the new tobacco health warnings because they smoke frequently.
GEE analyses
Outcome variables in the Netherlands
Between time-points, there was an increase in salience (β = 0.712, p < 0.001), avoiding (OR = 9.869, p < 0.001), and cognitive response (OR = 1.834, p < 0.001). However, no change was found in forgoing (OR = 1.092, p = 0.714) (RQ1 ; Table 4 ). Table 5 shows that between time-points there were no changes in attitude (β = -0.035, p = 0.518), self-efficacy (β = -0.072, p = 0.286), or intention (OR = 0.791, p = 0.157) (RQ2).
Differences between the Netherlands and control countries
GEE analyses showed significant interactions between country and time-point for salience (p < 0.001), avoiding (p < 0.001), knowledge (p < 0.001) (Table 4) , cognitive response (p = 0.002) (Table 4) , attitude (p < 0.001), self-efficacy (p < 0.001), and intention (p < 0.001) ( Table 5 ), but not for forgoing (p = 0.109) ( Table 4 ). The outcome variables showing a significant interaction between country and time-point from Table 4 only show increases among smokers from the Netherlands, whereas a decrease or no change was found in the control countries (RQ3).
Educational differences in the Netherlands
In the Netherlands, the interaction between time-point and education was significant for avoiding (p < 0.001), cognitive response (p < 0.001), and for knowledge (p < 0.001) (not presented in tables). In the Netherlands, the increase in avoiding was especially pronounced among highly educated (OR = 18.488, p < 0.001) compared to moderately (OR = 7.962, p < 0.001) and low educated smokers (OR = 6.280, p = 0.010) (RQ4; not presented in tables).
The increase in cognitive response was only significant among highly educated smokers (OR = 3.646, p < 0.001) compared to moderately (OR = 1.275, p = 0.291) and low educated smokers (OR = 1.575, p = 0.186). The increase in knowledge was slightly greater among low educated smokers (β = 0.406, p = 0.004) compared to moderately (β = 0.350, p = 0.001) and highly educated smokers (β = 0.325, p = 0.006) (not presented in tables). 
Discussion
This study examined whether introducing PHWs as a health communication strategy, as required by the European Union, was associated with changes among Dutch smokers in policy-specific variables (RQ1). We found that Dutch smokers increasingly noticed health warnings, avoided health warnings, reported having a cognitive response, and gained knowledge about the health risks of smoking. These findings were expected, as these outcome variables are policy-specific to health warnings , and previous pre-post studies observed similar results after introducing PHWs (Borland et al., 2009; Nagelhout et al., 2016; Yong et al., 2013; Green et al., 2014; Kennedy et al., 2013; Noar et al., 2016b) . One quasi-experimental study found no impact on salience, but that study evaluated PHWs on one side of the packet . The current study found no change among Dutch smokers in forgoing, contrary to similar other studies (Borland et al., 2009; Nagelhout et al., 2016; Yong et al., 2013; Green et al., 2014) . The latter studies were conducted in countries with, in general, larger and more graphic PHWs and might, therefore, have been more effective in helping them to resist having a cigarette. Another explanation is that there could be a differential composition of the smoking population (e.g. educational differences) between countries.
This study was also designed to examine whether introducing PHWs in the Netherlands was associated with changes among Dutch smokers in psychosocial mediators (RQ2). We found no changes among Dutch smokers in self-efficacy, attitude, or intention. This in contrast to a study from Thailand which found that smokers' had a more positive attitude towards quitting after introducing PHWs (Silpasuwan et al., 2008) . The finding regarding self-efficacy is in line with a meta-analysis of experimental studies that found no strengthened effect of PHWs on self-efficacy (Noar et al., 2016a) . In addition, the finding regarding intention to quit smoking was in line with a study from Mexico which showed that smokers' intention did not change directly after introducing PHWs (Thrasher et al., 2012) . These psychosocial mediators are influenced by many factors, and the impact of PHWs might not be strong enough to directly change them . Another explanation is that we only used data from continuing smokers who had lower self-efficacy and intended to quit smoking less often compared to smokers who were lost to follow-up. This may have led to an underestimation of the effects regarding these outcome measures because those smokers may have been more strongly influenced by the PHWs.
The third RQ was whether the changes in the Netherlands were larger than in the control countries. The policy-specific variables in which we observed an increase among Dutch smokers, remained unchanged or decreased in the control countries. This implies that the changes in the Netherlands may be associated with introducing PHWs. In the control countries, salience decreased (Australia and the UK) or remained unchanged (Canada and the U.S.) implying that warnings become less effective over time. The increase in intention to quit smoking among smokers from Australia may be explained by strong increases in the costs of tobacco product between baseline and followup surveys. The fourth RQ was whether the changes in the Netherlands differed according to level of education. This study's findings imply that low educated smokers benefitted more in terms of gaining knowledge about the smoking health risks. Low educated smokers have a lower health literacy than those more highly educated (Van der Heide et al., 2013) and, therefore, might benefit more from larger and more graphic health warnings. However, it was mainly highly educated smokers who went a step further by thinking about quitting or about the health risks of smoking, as they reported more often having had such a cognitive response. Low educated smokers may require more than just gaining knowledge about health risks of smoking, as they, in particular, need to be supported and motivated to quit smoking (Hiscock et al., 2012) . This study's findings also imply that mainly high educated smokers showed an increase in avoidance of health warnings, in contrast to previous research that found that mainly low and moderate educated smokers showed an increase in avoiding after introducing PHWs on one side of the packet (Nagelhout et al., 2015) . We also found that cognitive response mainly increased among high educated smokers, whereas previous studies found equal impact (Nagelhout et al., 2015) or more impact on low educated smokers (Thrasher et al., 2010; Bittencourt et al., 2013) . The PHWs from these countries differed from the PHWs from the current study as they were on one side of the packet (Nagelhout et al., 2015) , or covered 1.0 % of either the front or the back of the packet (Thrasher et al., 2010; Bittencourt et al., 2013) . The inconsistences in the findings on these educational differences indicates a need for further research on this topic.
Strengths and limitations
A major strength of this study is the use of a pre-post quasi-experimental research design, a relatively powerful design. Smokers from the four control countries showed no change in any of the outcome variables that changed among continuing Dutch smokers. Therefore, it is a likely interpretation that the changes in outcome variables were due to introducing PHWs. However, it is still hard to infer causality between introducing PHWs and changes in outcome variables; we could not control for alternative explanations and there was no randomization.
There are further limitations that should be taken into account when interpreting the results. First, continuing smokers differed at baseline from smokers who stopped smoking or who were lost to follow-up. For instance, they had higher self-efficacy, intended to quit smoking more often, and more often reported that health warnings made them resist having a cigarette when they were about to smoke one. These smokers may have been more strongly influenced by the PHWs, and excluding them may have led to an underestimation of the effect regarding these outcome measures. Therefore, our results are possibly not fully generalizable to the population of smokers. Second, due to little overlap between countries regarding knowledge items, we could only use a few health risks of smoking as communicated by the PHWs (European Union, 2015) . Third, the PHWs may not have been fully implemented in the Netherlands at follow-up (November -December 2016), as packets without PHWs could be sold until May 2017 (European Union, 2015) . This might have led to an underestimation of its impact, and indicates the need to examine the impact of PHWs also on the long term. Fourth, we examined changes in self-reported responses, and did not assess the impact on quit attempts. We did not examine direct effects on quitting because quit attempts may be influenced by multiple factors (e.g. other tobacco control policies such as tobacco tax increases) besides PHWs, especially during the 3-year follow-up, that we could not control for in our analyses. Moreover, we only examined changes among continuing smokers. A limitation is that the same problem could apply to the psychosocial mediators that we included in our study. Fifth, there were differences between the Netherlands and control countries in the timing of and time between measurements, and changes in tobacco control policies, potentially influencing results.
Implications
Results from this study suggest that policy makers from countries that have not yet introduced PHWs as a health communication strategy should introduce larger and more graphic health warnings if they want to elicit an increase in smokers noticing health warnings, in provoking cognitive response, and being knowledgeable about the health risks of smoking. There may then also be an increase in avoiding health warnings, as found in the current study and in previous research (Borland et al., 2009; Nagelhout et al., 2016; Yong et al., 2013; Green et al., 2014) . Avoiding PHWs may be related to increased quitting in the long-term . Introducing PHWs thus seems to have activated smokers to think about quitting and the health risks of smoking and to avoid health warnings. However, our findings of no apparent effects of PHWs on psychosocial mediators points to the need for a comprehensive range of policy measures to support smoking cessation in the Netherlands where smoking prevalence is still 22 % in 2018 (Trimbos Institute, 2018) . Future longitudinal research by the same research group will use path analyses to examine how policyspecific variables and psychosocial mediators are interrelated and how they affect quit attempts and smoking cessation on the long term. This study was one of the first aiming to investigate educational differences in the impact of introducing PHWs, but findings remain ambiguous. To obtain better insight into educational differences, future studies on the impact of PHWs should continue to investigate this aspect.
Conclusion
This study found that introducing, the by the European Union required, PHWs on 65 % of the front and the back of the packet of tobacco products was associated with smokers increasingly noticing health warnings, avoiding health warnings, showing a cognitive response to health warnings, and being knowledgeable about the health risks of smoking. However, six months after introducing PHWs, no impact was found on attitude towards smoking, self-efficacy to quit smoking, or intention to quit smoking. The impact of introducing this health communication strategy on avoiding and cognitive response was strongest on high educated smokers, whereas the impact on knowledge about the health risks of smoking was strongest among low educated smokers.
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